Nasopharyngeal specimens were collected from 7-18 year old children, presenting with prolonged cough of two to four weeks' duration. Specimens were examined for B. pertussis by PCR.
Pertussis is a highly contagious respiratory disease caused by the bacterium Bordetella pertussis. Among 194 World Health Organization (WHO) member states, 131 (68%) countries had achieved ≥90% of three doses of diphtheria, tetanus, and pertussis vaccine (DTP3) coverage in 2012 and an estimated 83% of infants worldwide had received at least 3 doses of DTP vaccine 1 . However, despite the high vaccination coverage, pertussis continues to cause significant mortality and morbidity in many countries. WHO estimates that 16 million new cases of pertussis occur every year worldwide, with more than 195,000 deaths 2 .
WHO recommended that a pertussis incidence of <1 case per 100,000 population be achieved in Europe by 2000 3 . According to the data of the Turkish Ministry of Health, the incidence of pertussis decreased from 2.03/100,000 in 1986 to 0.04/100,000 in 2013. The number of pertussis cases has been reported as 48, 242, 18 and 33 for 2010, 2011, 2012 and 2013 respectively 4 . These data indicate that the goal of WHO has been achieved in Turkey. However, in our country, surveillance of pertussis relies on the clinical diagnosis notifications of practitioners and the actual incidence is probably much higher than reported cases.
Many different case definitions, such as those by the WHO, the US Centers for Disease Control and Prevention (CDC), European Union (EU) and Pan American Health Organization (PAHO) are currently used throughout the world [5] [6] [7] . However, there are difficulties in defining pertussis from a clinical perspective. In older children, adolescents and adults, the clinical course may not be typical, and persistent coughing may be the only symptom 8, 9 . Even when symptoms are typical, pertussis may not be diagnosed because of the misconception among many physicians that pertussis is a childhood disease 10 . In these cases, the diagnosis of pertussis requires laboratory methods for confirmation. Laboratory confirmation tests include culture of B. pertussis, polymerase chain reaction (PCR) and serology. Most definitions (ie, WHO, CDC, EU) require culture and PCR assays that are specific for B. pertussis. However, there is no consensus internationally on the role of serology in the diagnosis of pertussis. The WHO definition requires paired serology, but the current CDC laboratory case definition does not include serology. The CDC recommends the use of both culture and PCR testing to confirm diagnosis 6 . This study was performed to determine the frequency of pertussis among Turkish children and adolescents with prolonged cough using real-time PCR technique.
Material and Methods
This study was conducted in the Department of Pediatrics of Ege University from August 2013 to August 2014. Children aged 7 to 18 years who presented with a prolonged cough of two to four weeks' duration were enrolled in the study. The protocol for the study was approved by the Ethical Committee and an informed consent was obtained from the parents or guardians of all eligible children.
Patients with an underlying medical condition which might cause a prolonged cough such as pulmonary tuberculosis, asthma, chronic bronchitis, chronic heart disease, sinusitis or who were immunocompromised, receiving longterm steroid therapy or angiotensin converting enzyme inhibitors or other medications known to cause cough were excluded. 
Results
A total of 101 children who had a cough for 2-4 weeks were enrolled in the study; 63 (62.3%) were male. The median age was 10 years (range, 7-18 years). There were 60 (59.4%) children in the 7-10 year age group and 41(39.6%) children in the 11-18 year age group. The median duration of cough was 21 days (range, 14-28 days). All study children had received complete primary pertussis vaccinations (three doses of whole cell pertussis vaccine) and additional booster dose at 18 months; of whom 68 (67.3%) had also received a fifth dose of pertussis vaccine (acellular pertussis vaccine containing two components) during the first grade of elementary school.
Out of 101 children with prolonged cough, 20 (19.8%) had a positive PCR test for B. pertussis. Table 1 summarizes the characteristics of pertussis PCR positive and negative children. The mean age of the PCR positive patients was greater than those of PCR negative (11.5±3.5 vs 9.6±2.9 years, p=0.024). The rate of children with positive PCR increased significantly with age. About 13.3% of 7-10 year old children and 29.3% of 11-18 year old children had positive PCR (p=0.048).
The risk of PCR confirmed pertussis was similar between children who had received four and five doses of pertussis vaccine (odds ratio 1.2, 95% CI 0.714-5.29). However, increasing time since receiving last pertussis vaccination was associated with increased risk of pertussis. B.
pertussis PCR was positive in 7.5% of children who had received the last vaccine less than 5 years previously. This rate went up to 33.3% with children who had received the last vaccination more than 5 years previously (p=0.001). The risk of PCR confirmed pertussis was more than 6.13 times higher in children who had received the last pertussis vaccine five or more years previously than in patients who had received the last vaccine less than 5 years previously (odds ratio 6.13, 95% CI 1.87-19.98).
Of the 101 children with prolonged cough, 33 (32.7%) experienced a paroxysmal cough, 17(16.8%) had whooping and 36 (35.6%) had post-tussive vomiting. There were no significant differences in the frequency of paroxysmal cough, whooping and post-tussive vomiting between children with positive and negative PCR (Table II) . Of the 20 children with positive PCR for B. pertussis, only 6 (30%) had paroxysmal cough, 3 (15%) had whooping, and 5 (25%) had post-tussive vomiting. While 9 (45%) children with positive PCR had at least one symptom of pertussis, 11 (55%) children had only a prolonged cough without any of characteristic features of pertussis (ie, paroxysmal cough, inspiratory whoop, and post-tussive vomiting).
Discussion
In the present study, 19.8% of children with prolonged cough had positive PCR for B. pertussis. Previous studies also reported from Turkey that pertussis was the cause in approximately 5-17 % of cases with prolonged cough, despite of the fact that there was a range for the proportion of prolonged cough caused by B. pertussis because of the different study designs and various laboratory definitions [11] [12] [13] . The results show that pertussis is common among Turkish children and adolescents with prolonged cough, even after incorporation of a fifth dose of pertussis vaccine into the national immunization program and despite high levels of vaccination coverage. Despite this, physicians rarely diagnose and notify pertussis infection in these age groups.
Neither natural infection nor vaccination confers life-long protection against pertussis. Vaccineinduced immunity wanes, following whole-cell or acellular vaccines 14 . Studies demonstrate an increasing likelihood of pertussis after completion of a five dose series of acellular pertussis vaccinations (DTaP) given at the ages of 2, 4, 6, and 15-18 months and 4-6 years.
In a large cohort analysis of fully vaccinated children, risk ratios for pertussis after the fifth dose of DTaP increased from 1.9 (95% confidence interval 1.3 to 2.9) in year 2 to 8.9 (6.0 to 13.0) in year 6 15 . The other study, from the United States, reported that protection from pertussis after a fifth dose of DTaP among children who had received only DTaP vaccines was relatively short-lived and waned substantially each year and risk of pertussis increase by an average of 42% a year during the first five years 16 . A recent cohort study, from United Kingdom, suggested that the risk of pertussis was more than threefold higher in children who had received the preschool pertussis booster vaccination seven years or more previously, 59% of whom received three doses of whole cell pertussis vaccine 17 .
Our findings similarly show that the risk of pertussis was more than six times higher for children who had received the last pertussis vaccination five or more years earlier, even though all children had received complete primary pertussis vaccinations with whole cell pertussis vaccine and 68% of them had also received a fifth dose of pertussis vaccine during the first grade of elementary school.
Several types of laboratory tests are used in the laboratory diagnosis of B. pertussis infection. Common laboratory diagnostic tests currently include culture, PCR and serologic study on acute and convalescent-phase sera. Sensitivity and specificity of the tests depends on the age of the patient, time from symptom onset, vaccination and exposure history, specimen collection and test procedure 18 .
Culture is considered the gold standard laboratory test and is specific for B. pertussis but its sensitivity is very low. Fastidious growth requirements make B. pertussis difficult to culture 19 . Culture may provide accurate results during the first two weeks of illness when viable bacteria are still present in the nasopharynx. After the first two weeks of cough, the sensitivity of culture declines and the risk of false-negatives increase. Furthermore, culture has limited sensitivity for previously vaccinated persons, especially adolescents and adults.
Several commercial serologic test kits with a variety of pertussis antigens and varying degrees of sensitivity and specificity are available. However, diagnosing pertussis using commercial serological kits is problematic 18 . The serologic tests are not well standardized; the accuracy of test result varies between different kits, and the variety of antigens used 20 . Serological diagnosis is based on a significant increase in antibody titer or on a single high antibody titer above an age-adjusted cutoff. However, cutoff points for diagnostic values of IgG antibody to pertussis toxin (PT) have not been established, and current IgA and IgM assays lack adequate sensitivity and specificity. Recent vaccination can influence the positivity of the antibody identification; immune response to vaccination cannot be distinguished from response to infection 5 . Anti-PT IgG and IgA antibodies are detectable in most vaccinated children, adolescents, and adults. There is also no consensus internationally on the role of serology in the diagnosis of pertussis. WHO accepts seroconversion or a significant increase in antibody level but not a single high titer. In the US, these are not recommended for routine use in establishing a diagnosis of pertussis because CDC believes that "no serologic method for diagnosis of pertussis has been validated between laboratories or has been accepted for diagnostic use in US" 21 . Serologic tests are generally useful for diagnosis in later phases of the disease. Serology may be performed on specimens collected at least 2 weeks following cough onset, but the optimal timing of specimen collection for single-serum serology is 4 to 8 weeks post-cough onset 22 .
Polymerase chain reaction testing is an important tool for timely diagnosis of pertussis and is widely used for diagnosis of pertussis since 2001 23 . PCR is a molecular technique used to detect DNA sequences of the B. pertussis bacterium, and unlike culture, does not require viable bacteria present in the specimen 24 .
Compared with culture, PCR is more sensitive than culture for diagnosis of pertussis and remains positive until significantly later in disease than culture and is recommended for diagnosis in adolescents and adults [25] [26] [27] [28] [29] . PCR is a rapid test and has excellent sensitivity 18 . For PCR, the optimal timing for specimen collection is the first 3 weeks of cough, but bordetella DNA may be detected by PCR for 4 weeks after cough onset 18, 23 . After the fourth week of illness, the amount of bacterial DNA rapidly diminishes, which increases the risk of obtaining falsely-negative results. In vaccinated children, adolescents and adults with cough illness of ≤3 weeks' duration, PCR is the only appropriate method for diagnosis of pertussis 18, 30, 31 . A PCR method with high sensitivity such as IS481 is ideal for the evaluation of sporadic coughing illness in the age groups who are almost always either previously immunized against or exposed to B. pertussis 30 . In the present study, IS481 PCR assay was performed for diagnosis of pertussis in vaccinated children and adolescents with a cough of two to four weeks' duration. However, disadvantages to PCR include its relatively high cost, more limited availability, and the potential for false-negative or false-positive results 32, 33 .
In this study, 30% of our PCR-confirmed pertussis cases had paroxysmal cough, 15% had whooping, and 25% had post-tussive vomiting. A previous study of adolescents and adults with persist cough from Massachusetts US, found paroxysms in 83% of cases, whooping in 30% and vomiting in 45%. Paroxysm was the most common symptom 34 . In another study, from Iran, detected pertussis by culture and PCR in school-age children with persistent cough, the frequencies of these symptoms were 59.1%, 55.5% and 22.3%, respectively; 85% of the children had at least one symptom of paroxysmal cough, whooping, or post-tussive emesis 35 . In our study, 55% of PCR-confirmed cases had only a prolonged cough without any of classic findings of pertussis. Our results suggest that prolonged cough may be the only symptom of pertussis infection in older children and adolescents 36 .
The present study shows that pertussis can still cause clinically significant prolonged cough in Turkish children and adolescents who have received complete primary pertussis vaccinations and the fifth dose booster vaccination. However, physicians' awareness of the infection is very poor. Pertussis is rarely considered in differential diagnosis of prolonged cough in older children and adolescents, and remains an underrecognized and underdiagnosed condition. Adolescents are significant reservoirs for the organism and are frequent sources of infection for infants and unvaccinated children. Therefore, vaccination of adolescents will protect both themselves and unvaccinated or not yet fully immunized infants.
